The novel compound n-BuSn(S 2 CNEt 2 )Cl2 (1) has been prepared and its solid state structure determined by X-ray study. n-BuSn(S 2 CNEt 2 ) 2 CI (2) has also been structurally characterised. X-ray diffraction studies show that 1 adopts a Sn CI bridged dimeric structure in the solid state. The structure of 2 shows distorted octahedral geometry.
Introduction
Tin(ll) and tin(IV) dithiocarbamate complexes have attracted recent attention for their structural motifs [1, 2] and their thermal decomposition products [3] , Dithiocarbamates can act as bidentate ligands towards tin, forming four-merhbered SnSCS rings, this being the only known coordination mode for tin(ll) complexes [2, 4] , However, dithiocarbamates bound to tin(IV) may adopt either bidentate or monodentate ligation; the crystal structure of Sn(S 2 CNEt 2 ) 4 shows six-coordinate geometry about the tin atom with two dithiocarbamates being bidentate (and trans to one another), and the other two monodentate [5] . Crystallographic studies of organotin compounds containing one or more dithiocarbamates show that these ligands are rarely symmetrically bound to the tin, i.e. one Sn-S bond is longer than the other [1, [6] [7] [8] [9] [10] [11] . Very recently, Hall and Tiekink [1] have shown how the electron donating/withdrawing effect of the other ligands bound to tin markedly affect both the anisobidentate nature of the Sn-S chelation (ASn-S) and the solid state structure for compounds of the type R 2 Sn(S 2 CNR' 2 ) 2 (R = alkyl, aryl, vinyl, chloride; R' = alkyl).
In contrast to a number of compounds possessing the formula RSn(S 2 CNR' 2 ) 2 X (X = halide) which are known [12] [13] [14] [15] , only one compound of the type RSn(S 2 CNR' 2 )X 2 has been structurally characterised [R = CH 3 OOCCH 2 CH(COOCH 3 )CH 2 -] [16, 17] , Thus, as part of our continuing study of tin dithiocarbamate complexes as precursors for the deposition of tin sulphide thin films, we have prepared the less symmetrical compound n-BuSn(S 2 CNEt 2 )CI 2 (1) as an electron-rich, sterically unencumbered organotin dithiocarbamate. Fortuitously, crystals of n-BuSn(S 2 CNEt 2 ) 2 CI (2), a known compound [12] , were also obtained from the same synthetic procedure. The structures of (1) and (2) are now reported.
Experimental
Details of the instruments used for measuring IR [18] , Mössbauer and NMR spectra [19] are given elsewhere. Starting materials and solvents from commercial sources were used without further purification. 2 (1) n-BuSnCI 3 (2.5 cm , 15.0 mmol) was added dropwise to a stirred suspension of sodium diethyldithiocarbamate trihydrate (3.38 g, 15.0 mmol) in toluene (50 cm 3 ). A mildly exothermic reaction occurred immediately, forming a white precipitate (NaCI). The reaction was stirred at room temperature for 1h after which time the precipitate was removed by filtration, leaving a colourless solution. Removal of the solvent in vacuo gave n-B'uSn(S 2 CNEt 2 )CI 2 as a white solid, which was recrystallised from Et 2 0 (20 cm 3 ) to give colourless crystals (4.85 g, 82%), which were also suitable for X-ray diffraction, m.p. 60-61 °C Microanalytical data; found (calculated for C 9 
Synthesis of n-BuSn(S 2 CNEt 2 )CI
): 2929s [v (CH)], 2926s [v (CH)], 2890s [v (CH)], 1375m [v (C-N)]. 1453m [v (C=S)], 1451m [v (C=S)],
X-ray Crystallography
Crystal and data collection details for the structure determinations of both 1 and 2 are given in Table 1 .
n-BuSn(S 2 CNEt2)CI 2 (1)
A crystal of approximate dimensions 0.25 χ 0.25 χ 0.25 mm was used for data collection The asymmetric unit along with the labelling scheme used is shown in Fig. 1 , and was produced using ORTEX [20] , Final fractional atomic co-ordinates and isotropic thermal parameters, bond distances and angles are given in Tables 2 and 5 respectively. Tables of  anisotropic temperature factors are available as supplementary data.
n-BuSn(S 2 CNEt2) 2 CI (2)
A crystal of approximate dimensions 0.4 χ 0.5 χ 0.2 mm was used for data collection. The asymmetric unit along with the labelling scheme used is shown in Fig.2 , and was produced using ORTEX [20] , Final fractional atomic co-ordinates and isotropic thermal parameters, bond distances and angles are given in Tables 3 and 6 respectively. Tables of anisotropic temperature factors are available as supplementary data.
Results and Discussion
The 119 Sn NMR resonance (-285.7 ppm) for 1 suggests that it possesses a five-coordinate structure in solution [24] , The solid state structure of 1 can also be described as being essentially a five-coordinate, distorted trigonal bipyramid, comprising two chlorines, the butyl group and the anisobidentate dithiocarbamate ligand (ASn-S = 0.18 A). The equatorial belt of the trigonal bipyramid consists of S(1), Cl(2), and the butyl group bound through C(6). The deviation of the tin from the plane of these three atoms is only 0.150(5) A. The axial positions are occupied by the other sulphur and chlorine atoms,-S(2) and Cl(1). The S(1)-Sn-S(2) angle in 1 is 70.3(1)° and is typical for chelating dithiocarbamates, whose S-Sn-S angles are characteristically 66-83° [1, 5, 11] , VSEPR theory dictates that in a trigonal bipyramidal molecule the most electronegative groups (the chlorine atoms in the case of 1) will occupy the axial sites, in order to minimise electrostatic repulsions [25] , In 1, however, the bite angle of the dithiocarbamate dictates that it spans axial and equatorial sites, thus forcing one of the electronegative chlorines into an equatorial environment. (2) 4476 (3) 5702 (3) 6169 (2) 85(1) C (1) 2482 (9) 2031 (9) 5843 (6) 57(2) C (2) 1614 (12) 373 (11) 6728 (7) 80(3) C (3) 154 (14) -17 (11) 6250 (10) 105(4) C (4) 3103 (16) -258 (10) 5744 (9) 95(4) C (5) 4546 (14) -461 (14) 6314 (11) 123(5) C (6) 2134 (12) 5515 (11) 4034 (7) 78(3) C (7) 2462 (14) 6985 (12) 4000 (7) 95(4) C (8) 2182 (17) 7572 (15) 3056 (10) 121(5) C (9) 3186 (19) 7094 (18) 2567 (9) 151 (7) However, this simple distorted trigonal bipyramidal view of 1 must be modified when intermolecular interactions are considered. The crystal structure of 1 comprises dimeric pairs of molecules bridged by weak, intermolecular Sn CI interactions (see Fig. 1 ). SnR 2 CI 2 L compounds are commonly found to dimerise via Sn-CI:->Sn bridges [26] [27] [28] [29] ; the Sn CI distances in 1 (av. 3.869(4) A) are longer than in most comparable structures [26] [27] [28] [29] The structure of CH 3 OOCCH 2 CH(COOCH3)CH 2 Sn(S 2 CNEt 2 )CI 2 , the only other previously characterised RSn(S 2 CNEt 2 )CI 2 compound, is very different to that of 1 as the CH 3 OOCCH 2 -Vol. 22, No. 4, 1999 Organotin Dithiocarbamate Chlorides: X-Ray Structures ofn-BuSn(S2CNEt2)Cl2 and n-BuSn(S2CNEt2)2&
CH(COOCH3)CH2-ligand is bidentate, giving rise to a monomeric, six-coordinate structure in which there are no Sn CI bridges [17] , Table 3 . Atomic coordinates ( χ 10 4 ) and equivalent isotropic displacement parameters (A 2 χ 10 3 ) for 2. U(eq) is defined as one third of the trace of the orthogonalized Uij tensor.
Atom X V ζ U(eq) Sn (1) 2286 (1) 2513 (1) 1592 (1) 75 (1) Cl (1) 4311 (4) 1108 (4) 2271 (4) 103 (1) S (1) -332 (4) 3446 (3) 1526 (3) 83(1) S (2) 564 (4) 981 (3) 3263 (3) 87(1) S (3) 3049 (4) 4813 (3) 462 (3) 85 (1) S (4) 1580 (4) 3924 (4) 3218 (3) 88 (1) N (1) -2142 (10) 1863 (11) 3288 (10) 81(3) N (2) 2142 (12) 6377 (10) 2107 (10) 84 (3) C (1) -794 (14) 2059 (11) 2763 (12) 74 (3) C (2) -2604 (16) 765 (13) 4439 (14) 98 ( (16) 3964 (17) 132 (6) C (4) -3301 (16) 2658 (16) 2798 (16) 109 (5) C (5) -4408 (20) 3624 (19) 3540 (20) 157 (8) C (6) 3199 (18) 1646 (17) -58 (15) 106(5) C (7) 2961 (38) 2640(38) -1127 (24) 267 (21) C (8) 2937 (30) 2591 (29) -2084 (29) 230(16) C (9) 2193 (28) 3387 (21) -3085 (21) 185(10) C (10) 2255 (13) 5186 (13) 1935 (12) 76(3) C (11) 1381 (17) 6740 (17) 3335 (16) 115 (5) C (12) 2417 (20) 6690 (21) 3919 (17) 146 (7) C (13) 2719 (18) 7452 (14) 984 (16) 110 (5) C (14) 1538 (19) 8364 (16) 477 (17) 125 (6) In contrast to the structure of 1, n-BuSn(S2CNEt2)2CI (2) possesses a simple distorted octahedral geometry about the tin. Both dithiocarbamate ligands are bidentate, but they are not in a trans geometry with respect to each other, unlike the two bidentate dithiocarbamates in Sn(S2CNEt2)4 [5] , The longest Sn-S bond in 2 is the one trans to the Sn-CI bond [Sn(1)-S(1), 2.612(3) A] and this is significantly longer than the Sn-S bond trans to the butyl ligand [Sn{1 )-S(4), 2.561(4) A], Interestingly, one dithiocarbamate is close to being isobidentate (ASn-S = 0.026 A), whereas the other is less symmetrical (ASn-S = 0.066 A). These values of ASn-S are much smaller than those found for compounds of the formula R2Sn(S2CNR'R")2[R = vinyl, R',R"= alkyl], which have average ASn-S values 0.39-0.47 A [1] , However, the average ASn-S value, bond lengths and angles for 2 (0.046 A) are similar to values for known RSn(S2CNEt2)2CI compounds (see Table 4 ), which also possess distorted octahedral geometries. 
